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Abstract

Objectives: Since October 2019, SARS-CoV-2 pandemic represents a challenge for the international healthcare system
and for the treatment and survival of patients. We normally focus on symptomatic patients, and symptoms can range from
the respiratory to the gastrointestinal system. In addition, we consider patients without fever and respiratory symptoms,
with both a negative RT nasopharyngeal swab and lung CT, as a “Covid- |9 negative patient.” In this article, we present a so
called Covid-19 “negative” patient, with an unsuspected vascular clinical onset of the viral infection.

Methods: An 80 y.o. man, who previously underwent endovascular aortic repair for an infrarenal abdominal aortic
aneurysm, presented to our department with an atypical presentation of an aorto-enteric fistula during the pandemic.
While in hospital, weekly nasopharyngeal swab tests were always negative for SARS-CoV-2. However, the absence of aortic
endograft complications, the gross anatomy of duodenal ischemic injury, and the recent history of the patient who lived the
last months in Bergamo, the Italian city with the highest number of COVID-19 deaths, lead the senior Author to suspect an
occult SARS-CoV-2 infection. The patient underwent to resection of the fourth portion of the duodenum and the first
jejunal loop, with subsequent duodenum—jejunal latero-lateral anastomosis and the direct suture of the aortic wall. The
intestinal specimen was investigated as suspected SARS-CoV-2 bowel infection by the means of immune-histochemistry
(IHC). An ileum sample obtained in the pre-COVID-19 era was used as a control tissue.

Results: The histological analysis of the bowel revealed sustained wall ischemia and liponecrosis of the duodenal wall, with
intramural blood vessels thrombosis. Blood vessel endotheliitis and neo-angiogenesis were also observed. Finally, the IHC
was strongly positive for SARS-CoV-2 RNA and for HLA-G presence, with a particular concentration both in blood vessels
and in the intestinal villi. The control tissue sample was not positive for both SARS-CoV-2 and HLA-G.
Conclusions: Coronavirus pandemic continues to be an international challenge and more studies and trials must be done
to learn its pathogenesis and its complications. As for thromboembolic events caused by SARS-COV-2, vascular surgeons
are involved in treatment and prevention of the complications of this syndrome and must be ready with general surgeons to
investigate atypical and particular cases such as the one discussed in this article.
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Introduction
'Unit of Vascular and Endovascular Surgery, Azienda Ospedaliero

Aorto-enteric Fistula (AEF) is a rare but life-threatening
complication following aortic aneurism repair. The inci-
dence of AEF is different between open (up to 1.6%)"* and
endovascular approach (up to 0.8%).°> The latter can be
associated with endoleak, whereas aortic wall inflammation
or primary graft infection were both more frequently re-
ported as late complications of open repair. However, AEF
can lead itself to a secondary graft infection.*> The therapy
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Figure I. Left. CT scan with endovenous contrast: no visible signs of endoleak. The arrow indicates bubbles in the aortic aneurysm sac.
Right. CT scan with oral contrast. The arrows indicate contrast in the aortic aneurysm sac.

for this event is variable, depending on the surgeon expe-
rience and patient clinical conditions.**

COVID-19, a viral infection initially thought to be
prominently an interstitial pneumonia,”* can be considered
as a vascular disease with regards to serious complications
and mortality. Quite recently, blood clots have emerged as
the common factor unifying many of the symptoms cur-
rently without an apparent explanation.

In this article, we present a case of AEF years after
endovascular aortic repair (EVAR) procedure during COVID-19
pandemic era.

Materials and methods

An 80 y.o. male presented to the emergency department for
persistent hyperpyrexia, abdominal pain, and asthenia. The
patient came from Bergamo, a city located in northern
Italy and, at the time of his presentation at the emergency
department, the city was considered as a high-risk zone
for coronavirus infection. A RT nasopharyngeal swab for
SARS-COV-2 was performed, with negative result. The
thoracic CT was unremarkably confirming the molecular
data and the absence of classic symptomatology of
Covid-19 disease, as well.

The clinical history was positive for previous myocardial
infarction (treated with PTCA) with evolution in dilatative
chronic ischemic heart disease and apical left ventricle
aneurysm, dyslipidemia, and polyneuropathy with demy-
elination. In February 2019, the patient underwent EVAR
procedure for abdominal aortic aneurysm. Laboratory
exams were performed with finding of neutrophilic leu-
kocytosis and elevation of reactive C-protein.

A CT scan of the abdomen was performed, revealing the
dilation of the aortic aneurysm sac without frank images of
type II endoleak. In the cranial portion of the sac, there was
presence of some fluid collections with bubbles. Further-
more, the sac appeared to be in tight and indissociably
adherent to the duodenum wall.

At first, a conservative approach was considered with the
consultant in infective disease, starting an antibiotic therapy
with piperacillin/tazobactam and daptomycin, and moni-
toring the patient with a new CT after 48 h of therapy.

The new CT showed new fluid lining in the liver and in
the rectovesical pouch, associated with levels in the small
intestine. After the ingestion of hydrosoluble contrast, an
aorto-duodenal fistula was clearly detected (Figure 1).

At laparotomy, ischemic necrosis of the distal fourth of
the duodenum was found, which appeared connected to the
aneurism cavity via fistulae. The aortic prosthesis was
undamaged, and there was no endo-leakage. In agreement
with vascular and general surgeons, the patient underwent to
drainage of the periprosthetic collection, resection of the
fourth portion of the duodenum and the first jejunal loop,
with subsequent duodenum-—jejunal latero-lateral anasto-
mosis (Figure 2). The aortic wall tear was fixed with a direct
suture and an omentopexy.

During hospital stay, the patient underwent various
antibiotic therapies, narrowed down based on the micro-
biological results of the fluid abdominal collections taken in
the operatory theater and lining with clinics and laboratory
findings of the patient. Several controls with abdominal CT
scan were made, showing at first a new capsulated fluid
collection in the upper segment of the abdominal aorta with
inflammation of the aortic wall. After 17 days of antibiotic
therapy, a new CT scan showed the complete disappearance
of fluid collections, correlating with the better clinical
condition of the patient.

While in hospital, weekly tests were always negative for
SARS-CoV-2. However, the absence of aortic endograft
complications, the gross anatomy of duodenal ischemic
injury, and the recent history of the patient who lived the last
months in Bergamo, the Italian city with the highest number
of COVID-19 deaths, led the Senior Author to hypothesize a
hiding SARS-CoV-2 infection. The Ethical Committee
approved the investigation of suspected SARS-CoV-2
specimen by the means of immune-histochemistry (IHC).
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Figure 2. Left. Specimen of the resected fourth segment of the duodenum and first jejunal loop with evident ischemic injury. The arrow
indicates the fistula in the posterior aspect of the duodenal wall. Right Optical Microscopy. Top panel: Hematoxylin-eosin 10%. Patchy
ischemia of the duodenum with surface necrosis and fibrin thrombi; inset 20x: inflammatory infiltration and fibrin thrombi. Mid and
bottom panel: Positive staining respectively for SARS-CoV-2 virus and HLA-G, IHC 10%; inset 40x mid and bottom panel: areas with

strong IHC positivity.

Three months after discharge, CT showed that the aortic
graft continued to function well.

Histology and IHC

The resected intestine was fixed in formaldehyde and
embedded in paraffin. As control tissue, an ileum sample
obtained in the pre-COVID-19 era was used.

For histological examination, slides were stained with
hematoxylin, and eosin. IHC analysis was performed on 4-
um thick sections: following antibody retrieval (heating),
the slides were treated with anti-SARS-CoV-2 nucleocapsid
protein (Novus Biologicals, Centennial, 1:250 dilution) or
anti-human HLA-G (MEM-G2, Exbio, dilution 1:200).
Positivity was detected by horseradish peroxidase/3,3'-
diaminobenzidine.

Ethics approval

The study was approved by our hospital’s ethics committee
(Number: 540/2020/0ss/AOUFe-20/05/2020). All the data
were anonymized, and no connection with the patient
identity was possible. A consent form was signed by the
patient.

Results

Macroscopically, the resected bowel specimen showed
signs of ischemic suffering such as the beginning of tissue
necrosis and some petechial hemorrhages. In the posterior
aspect of the duodenal wall, the presence of an ulcer was
detected, identifying the duodenal fistula (Figure 2).

The histological analysis of the bowel revealed sustained
wall ischemia and liponecrosis of the duodenal wall, with
intramural blood vessels thrombosis (Figure 2). Blood
vessel endotheliitis and neo-angiogenesis were also ob-
served. Finally, the IHC was strongly positive for SARS-
CoV-2 RNA and for HLA-G presence, with a particular
concentration either in blood vessels and in the intestinal
villi. The control tissue sample was not positive for both
SARS-CoV-2 and HLA-G.

Discussion

Secondary AEF is a rare and life-threatening complication
of both open and endovascular aortic repair, with a sig-
nificant range of morbidity and mortality, ranging between
14% and 75%.'""!

Considering open repair, we can recognize two types of
secondary AEF, based on the site of the communication
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between the aorta (or the surgical graft) and the bowel. The
first type is defined as graft enteric fistula (GEF), and it
occurs when the communication is located between the
graft-aorta anastomotic site and represents the most com-
mon type of AEF. The second type is defined as graft enteric
erosion (GEE), and it occurs with a breakdown of the enteric
wall overlying the graft resulting in bathing of the graft by
enteric contents and chronic graft infection.'?

If we consider the endovascular approach, AEF can be
associated with endoleak, aortic wall inflammation, stent
migration, kinking, and graft infection.'*'* The incidence
of AEF seems to be higher in inflammatory abdominal
aortic aneurysm than in the atherosclerotic one, despite the
higher incidence of rupture in the latter.'*

Clinical presentation is usually with gastrointestinal
bleeding with hematemesis, melena' and fecal occult blood,
depending on the location of the fistula. Literature describes
other more insidious and less frequent presentations such as
sepsis, high fever, diffuse abdominal pain, endocarditis,'
and septic arthritis."?

Diagnosis of AEF can be insidious, especially if
symptoms include fever and sepsis. In fact, CT scan reveals
AEF up to 80% of cases'® and a clear disruption of the aortic
wall with contrast enhancement in the duodenum cannot
always be seen. Moreover, endoscopy is rarely performed if
the patient shows no signs of gastrointestinal bleeding, and
when performed, it does not exclude diagnosis if no fistula is
seen.'’

The management of this rare complication is not well
defined and is tightly connected with age and comorbidities
of the patient. Surgical strategies include extra-anatomical
bypass with aortic ligation and graft removal, in situ aortic
reconstruction, endovascular aortic repair,lo’17 and aortic
direct suture. However, the choice of the technique of re-
vascularization in AEF is controversial: extra-anatomical
bypass is usually chosen when the graft or surrounding
tissue is highly contaminated with a purulent fluid collection
or gross retroperitoneal infection. Surgical intervention for
enteric fistula is an integral part in both in situ reconstruction
and extra-anatomical bypass. Simple closure of the enteric
fistula may be performed when the defect is small. If the
defect is large, segmental bowel resection should be per-
formed to prevent leakage resulting in recurrent infection.'®
Omentopexy can also be a surgical option if the aortic
disruption is small.'®

Each surgical technique must be associated with endo-
venous antibiotic therapy and optimization of the nutritional
status of the patient.'®

Since October 2019, SARS-CoV-2 pandemic repre-
sents a real challenge for healthcare system and for the
understanding of its many clinical presentations and
pathogenesis.

By now, it is known that coronaviruses have on their
surface Spike glycoproteins,'”® which represent the most

immunogenic parts of the virus, and may bind to
angiotensin-converting enzyme-2 (ACE-2) receptors to
enter the host cell.?'*?

ACE-2 receptors expression has been found on the
surface of alveolar epithelial type II cells, cardiac, renal,
intestinal, and endothelial cells and is consistent with the
target organs involved and the clinical picture in COVID-19
infection.”* %

Despite the suspect of finding coronavirus at the level of
the duodenum, we were of course surprised to find the
evidence of the viral infection in a so called “negative”
patient. Our finding suggests that a patient could have an
asymptomatic/oligosymptomatic classic respiratory COVID-
19 disease followed some months later by a vascular/
intestinal complication. To confirm our clinical conclu-
sion, we also performed an IHC in a control tissue in order to
be sure of the viral detection. There are other cases of late
intestinal complications following a successful treatment of
COVID-19 presenting as atypical ulceration and bleeding,
where immunohistochemical analysis of the intestinal
specimen with anti-SARS-CoV-2 nucleocapsid protein re-
vealed the presence of viral protein expression in epithelial
cells of the mucosa and in a minority of lymphocytes.*®

Studies may suggest that coronavirus, after entering the
host cell, unleashes the macrophage activation syndrome
and a massive cytokine storm,'®** with the particular re-
lease of IL-10: this cytokine seems to upregulate the ex-
pression of HLA-G on the surface of the infected
cells.>>?"2 The expression of such non-classical human
leukocyte antigen, found in the same arecas where THC
detected SARS-CoV-2 as well as inflammatory and is-
chemic injury, is an original finding. Speculatively, we may
hypothesize that it is an intriguing piece of the pathogenesis
of the duodenal ischemia. We know that HLA-G has the
capability to downregulate the immune response, inhibiting
T cells, NK cells, and B cells, and causing cell death and
tissue necrosis.””>>”**393233 HLA-G gene is characterized
by polymorphisms at the 3’ un-translated region and 5’
upstream regulatory region that increases viral infection
susceptibility, creating an unbalanced and pathologic en-
vironment.”” HLA-G up-regulation is proposed to be as-
sociated with virus-encoded homologs of human IL-10
(cmvIL-10),*° which prevents NK cell recognition of in-
fected cells, an extraordinary mimetic mechanism with a
possible role in the case herein described. The above effect
may contribute to reduce the efficiency of our immune
system thus permitting a more florid viral replication at the
level of the intestinal vessels. Furthermore, this hypothesis
is corroborated by an investigation at the level of the
coronary artery disease which concluded that non-classical
HLA class I molecules are capable of inducing an immune
tolerant microenvironment.**

To support the role of coronavirus as a primary agent in
gastrointestinal symptoms, SARS-CoV-2 RNA has been
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found in stool specimens in association with high levels of
fecal calprotectin, as to confirm inflammation of the bowel
system,2435:36

This singular case shows no presence of endoleak, en-
dotension, or primary infection of the endovascular graft, so
there does not seem to be any prosthesis implication in the
pathogenesis of the AEF for this patient. Considering the
discussion above, despite the negativity of the nasopha-
ryngeal swab and chest CT, our findings on the analyzed
bowel piece and the geographical origin of the patient lead
us to hypothesize that the subject was previously stricken by
an asymptomatic Covid-19 infection. To explain our find-
ings, we hypothesize that subsequently the virus settled in
the intestine causing such an atypical and dramatic gas-
trointestinal complication.

It is estimated that at least more than 80% of persons
infected with the SARS-CoV-2 virus have an asymptomatic
course. Practically, almost nothing is known about the
asymptomatic cases, since our knowledge of COVID-19 is
limited to hospitalized.*”-**

Some may argue that it would be unlikely that a virus,
whose typical manifestations are mainly respiratory, should
primarily affect the gut. On the other hand, we know that,
following a COVID-19 interstitial pneumonia, the SARS-
CoV-2 virus may persist longer in the gastrointestinal tract.
For instance, viral RNA was detected in the feces in 70.3%
of Covid-19 patients (95% CI, 49.6-85.1) after oro/naso
pharyngeal swab had become negative.’’°

We are unaware why the hypercoagulable status induced
by the virus led to extensive thrombosis of the parietal du-
odenum vessels, as well as if the mechanical pulsation of the
repaired aortic aneurism cavity triggered it in some way.
These are still open questions. However, the association of
positive staining for HLA-G in association with SARS-CoV-
2 warrants further investigations in order to understand the
possible role of the former as pro-thrombotic inductor,*->**°

Conclusions

As we can see today, coronavirus pandemic continues to be
an international challenge and more studies and trials must
be done to learn its pathogenesis and its complications. As
for thromboembolic events caused by SARS-CoV-2, vas-
cular surgeons are involved in treatment and prevention of
the complications of this syndrome and must be ready with
general surgeons to investigate atypical and particular cases
such as the one discussed in this article.
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